[1] Twenty-three published proxy temperature series over China spanning the last 2000 years were selected for an uncertainty analysis in five climate regions. Results indicated that, although large uncertainties are found for the period prior to the 16th century, high level of consistency were identified in all regions during the recent 500-years, highlighted by the two cold periods 1620s-1710s and 1800s-1860s, and the warming during the 20th century. The latter started in Tibet, Northwest and Northeast, and migrated to Central East and Southeast. The analysis also indicates that the warming during the 10-14th centuries in some regions might be comparable in magnitude to the warming of the last few decades of the 20th century which was unprecedented within the past 500 years.
Introduction
[2] The knowledge of past climate can improve our understanding of natural climate variability and also help address the question of whether modern climate change is unprecedented in a long-term context [Jansen et al., 2007; Mann et al., 2009, and references therein; International Geosphere-Biosphere Programme, 2009] . Recent NRC [National Research Council, 2006] and IPCC [Jansen et al., 2007] reports have put a high priority on identifying the confidence level in regional to hemispherical temperature changes during the past 2000 years. Further, a major international effort coordinated by IGBP's Past Global Changes (PAGES 2K initiative, http://www.pages-igbp.org/science/last2millennia.html) [Newman et al., 2009] , aims to consolidate existing, highresolution (annual-decadal) palaeoclimate data from each continent to reduce uncertainties about regional climate change over the last up to 2,000 years for the forthcoming fifth IPCC assessment report. This is needed to address the question whether the observed recent warming is exceptional in the context of the past. To do this it is necessary to evaluate the differing amplitudes, trends and variability observed in regional to hemispherical temperature reconstructions, to summarize the effects of the choice of proxy data and statistical calibration methods on the temperature record for the past two millennia, and to describe the main sources of uncertainty. Over the recent past, regional proxy temperature series with lengths of 500-2000 years from China have been reconstructed using tree rings with 1-3 year temporal resolution, annually resolved stalagmites, decadally resolved ice-core information, historical documents with temporal resolution of 10-30 years, and lake sediments resolving decadal to century time scales (see Table S1 for detail and Figure 1 ).
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These proxies provide quantitative estimates of past climate through statistical calibration against instrumental temperature measurements (see Table S1 ). Several reconstructions from proxy archives represent seasonal temperature changes and explain between 44% and 90% of annual temperature variability within the instrumental calibration period (see Table S2 ).
[3] However, these published proxy-based reconstructions are subject to uncertainties mainly due to dating, proxy interpretation to climatic parameters, spatial representation, calibration of proxy data during the reconstruction procedure, and available sample numbers. In this study, we systematically evaluate the inter-regional consistency of surface air temperature derived from proxies in several areas of China. The study applies the same uncertainty analysis approach used by Jansen et al. [2007] , although our analysis emphasizes regional aspects within China. This will provide indications about the confidence level by using proxy data to study temperature variations over the past 2000 years. Specifically, the results will provide the uncertainty for different regions within China, and the question of whether conditions in the late 20th century are unusual in the context of the past 500-2000 years.
Methods
[4] The domain of China covers many temperature zones, spanning from the tropics to mid-to-high latitudes. To account for the regional differences, we first applied a factor analysis (principle component analysis & varimax rotation [Gorsuch, 1983] ) to the annual mean temperatures observed at 603 station sites (http://cdc.cma.gov.cn/) over the period . Based on this classification (Figure 1 ) five climate regions have been selected: Northeast (NE), Northwest (NW), Central East (CE), Tibet (TB), and Southeast (SE). One reconstructed series can be found in NW, four in TB, five each in NE and SE, and eight in CE 1 (Figure 1 ). Note that ice cores and tree rings are located in western China, while documentary evidence is mainly prevalent in eastern China.
[5] The annual mean instrumental temperatures from 15 observation sites (three sites for each region, see Figure 1 for the locations and Table S3 for the detailed information on the stations) were used to represent the regional temperature variations during the instrumental periods. The regional annual temperature is calculated by averaging Beijing, Shenyang and Harbin in NE from 1906 to 2007 , Shanghai, Wuhan and Changsha in CE from 1906 to 2007 , Lhasa, Yushu and Xining in TB from 1951 to 2007 , Shantou, Nanning and Guangzhou in SE from 1922 to 2007 . These meteorological stations have longer observational records than other stations within the regions, and they represent the regions optimally. The explained variance of regional temperature within the instrumental period is 86% in TB, 92% in NW, 92% in SE, 94% in NE and 88% in CE.
[6] For the proxy data, because most of them have 10-year or higher temporal resolution, a 10-year resolution has been chosen for this analysis. In order to obtain the same time-resolution, mean values over periods of 10 years were used for original data with high-frequency (<10-years, from tree rings and stalagmite data), and linear interpolation is applied for original data with low-frequency. For the purpose of comparison among the reconstruction series, each individual series is standardized using the common reconstructed data reference period within that region: 1470s-1950s for NE, 1060s-1990s for NW, 1050s-1990s for TB, 1500s-1940s for SE and CE (see Ge et al. [2008] for more details). To conduct the uncertainty assessment of the regional reconstructions, the proxy data are calibrated against the overlapping instrumental records, and the standard error (S ie ) of each reconstructed temperature series is calculated. In addition, the temperature anomaly has been adjusted using the standard deviation units of the regional instrumental data, in order to obtain the relationship between the standard deviation and real observed temperature, i.e. 1 standard deviation unit is 0.64°C in NE, 0.68°C in NW, 0.41°C in CE, 0.44°C in TB, and 0.42°C in SE. To assess the uncertainty of the regional temperature reconstructions, we applied the envelope assessment method used in the fourth report of IPCC [Jansen et al., 2007] , as follows:
If S ie < T rt À T it j j 1:645S ie ; the score of T rt is set as 100%=2N;
If T rt À T it j j> 1:645S ie ; the score of T rt is set as 0%:
Where i = 1, 2, …, N; N is the total number of series used for the uncertainty analysis; t is the decadal time point, e.g., t = 0, 10, …, 1980, 1990; T it is the proxy based temperature reconstruction (one value per decade) within a region; S ie is the standard error for the i series in the region, calculated based on the overlapped time periods between each reconstruction data point (as predictor value in the regression) and observed regional mean annual temperature by decade (predicted value); T rt is temperature range with one value per 0.1 standard deviation unit step, which is enclosed between the maximum and minimum values of T it + S ie (see auxiliary material for an example). The total score calculated for each reconstruction series per decade is a representation of overall uncertainty of temperature reconstruction at time t, which indicates the consistency or coherence among the reconstructions within a region, though full confidence is obtained only for the reconstructed temperatures for all series Figure 1 . Types, lengths, and locations of proxy temperature series and observation used in this study. The five climate regions were based on a "factor analysis" of the 1961-2007 instrumental measurements. The area in red was studied by Ge et al. [2003] , while the upright line within the red was studied by Wang and Wang [1990] . Grey shading indicates elevation.
in a region that fall within ±1S ie [Jansen et al., 2007] . In this study, the high level-of-confidence is defined when the highest score reaches 75% which is slightly lower than the 80% in IPCC, because there are four series in the TB region. If the highest score for a certain decade is lower than 50%, we define it as low level-of-confidence; and for intermediate values, we define it as medium level-of-confidence. Finally, we combine the reconstructed values having the highest score at time t, which provides the most likely course of temperature changes as the "coherent temperature" series.
Results
[7] The uncertainty characteristics for the individual regions are presented in Figure 2 (see Table S1 for the information of each series).
Northeast
[8] The Northeast has five reconstructed temperature series (Figure 2a ). The uncertainty analysis shows a large range of temperature variance before the 1380s because of sparse proxy data, and the confidence for each decade is low (between 20% and 60%). It is also shown that the period after the 1560s has a much higher level-of-confidence generally reaching up to 80%. The 2000-year coherent temperature series for NE (the value having the highest confidence at time t, bold-black curve in Figure 2a) shows a large amplitude of 4°C between the coldest and warmest decades, but associated with large uncertainties before approximately 1380s. During the last 500 years, apparent climate fluctuations were experienced, including two cold phases from the 1470s to the 1710s and the 1790s to the The uncertainty range of reconstruction series: the bold-black curve is the regional temperature coherent series, the part with fewer series is marked with a dashed bold-black curve, and the bold-gray curve is the 10-year smoothed instrumental temperature. The right axes represent the temperature anomaly.
1860s, two warm phases from the 1720s to the 1780s, and after the 1870s. The temperature variations prior to the 1500s show two anomalous warm peaks, around 300 and between approximately 1100 and 1200, that exceed the warm level of the last decades of the 20th century. However, the reconstructions of those periods include large uncertainties.
Central East
[9] As shown in Figure 2b , only one of the eight proxy series has 2000 years of record length while the others capture temperature variations of the past 500 years. Therefore, the uncertainty analysis is limited to the period after 1470s. High level-of-confidence exists in three periods -1540s-1620s, 1670s-1780s and 1900s-1960s, and low confidence is prevalent around the start of the 15th century and the early 19th century. The 500-year regional coherent temperature series shows temperature amplitude between the coldest and warmest decade of 1.8°C. Three extended warm periods were prevalent in 1470s-1610s, 1700s-1780s, and after 1900s. It is evident that the late 20th century warming stands out during the past 500 years. Considering the past 2000 years, the winter half-year temperature series [Ge et al., 2003] indicate that the three warm peaks (690s-710s, 1080s-1100s and 1230s-1250s), have comparable high temperatures to the last decades of the 20th century.
Tibet
[10] For the four series shown in Figure 2c , the records are all longer than 1000 years. Before 1050s, the uncertainties are large due to sparse proxy data, and the medium level-ofconfidence of the temperature reconstruction generally started from the late 11th century. The maximum temperature amplitude between the coldest and warmest decade is 2.8°C during the past 2000 years. Only few decades show high level-of-confidence (up to 75%), i.e., 1190s, 1230s, 1280s, 1300s, 1340s, 1450s, 1470s-1560s, 1770s and 1840s. Large uncertainties exist in this region, because the reconstructed series derived from various proxy types, they have variable temporal resolution (1-42 years). The warming period of twenty decadal time steps between the 600s and 800s is comparable to the late 20th century, although associated with low confidence. Except for some shorter periods, the period 1050s-1840s indicates generally cooling conditions compared to the period 850s-1000s. After 1850, the temperature increased rapidly, with the last 20 years of the 20th century experiencing the warmest conditions of the past 1000 years in the TB region.
Southeast
[11] All five series, reconstructed from historical documents, cover the recent 500 to 600 years (see Figure 2d) . The temperature reconstruction has high level-of-confidence during the periods of 1550s-1630s, 1700s-1740s, and 1780s-1840s, but low confidence in 1470s-1510s, and 1530s, 1640s, 1670s, 1690s, 1850s and 1870s. The 500-years regional coherent temperature series shows maximum temperature during the decades 1490s, 1620s, 1670s and 1930s, whereas minimum values were found in the 1650s and 1830s. Three significant climate fluctuations were shown here: one warm phase from the 1470s to the 1600s, one cold phase from the 1820s to the 1900s, and the warming in the 20th century is apparent in the context of the past 500 years.
Northwest
[12] The uncertainty assessment cannot be conducted for this area because only one proxy dataset is available (see Figure S1 ). Nevertheless, the warming between the 1060s and the 1150s, the cooling between the 1600s and the 1800s, and the late 20th century warming are clearly visible. Comparable warm conditions in the late of 20th century are also found around the decade 1100s.
Temperature Variations on Centennial Scale
[13] The anomalous regional temperature variations (with respect to the 1901-1950 climatology) on centennial time scale are illustrated in Figure 3 . The curves at centennial time scale are transformed by low-pass filter from the coherent temperature of each region in Figure 2 . Figure 3 shows that four of the five regions experienced the two warming periods in the centuries 900s-1300s (Southeast region is excluded, due to short series), and the 20th century, and the two coldest periods occurred between the 1620s and the 1710s as well as between the 1800s and 1860s. The centers of the two coldest periods, around 1650 and 1850, agreed well with the minimum values identified for Northern Hemisphere (NH) and the Globe from IPCC [Jansen et al., 2007] , the work of Mann et al. [2009], and NRC [National Research Council, 2006] . Our analysis may indicate that China is in the same phase as NH and Global at long-term scale, at least when climate is in the cold condition.
[14] According to Figure 3 , the magnitudes of warming during the period 900s-1300s are different in each region. The maximum temperature in the region CE at warm peaks is 0.8°C above the average of 1901-1950, occurring in the 1240s. The maximum temperatures are 0.4°C at 1190s for ; the dashed line is the part with fewer series used; and the solid line is the mean value. The shaded areas are the two coldest periods, during the 1620s-1710s and 1800s-1860s. NE and 0.2°C at 1000s for TB region. For the region NW, the maximum temperature occurred at 1100s. The warming of the 20th century is evident in the five regions. In the region TB, the maximum temperature is 0.6°C above the average of , and occurred in the last decades of 20th century. Furthermore, a minimum warming temperature of 0.1°C occurred in the region NW. From Figure 3 , the warming level in the last decades of the 20th century is unprecedented compared with the recent 500 years. However, comparing with the temperature variation over the past 2000 years, the warming during the last decades of the 20th century is only apparent in the TB region, where no other comparable warming peak occurred. For the regions of NE and CE, the warming peaks during 900s-1300s are higher than that of the late 20th century, though connected with relatively large uncertainties.
[15] In addition, the temporal variations as seen from the proxy temperatures varied from region to region due to the regional differences of geographical location and topography; the onset of the warm condition are earlier in some regions, and later in other regions. From Figure 3 it is visible that the 20th century warming first started 1850s in TB and NW, then 1890s in NE, 1900s in SE and 1920s in CE.
Conclusions
[16] We conducted a comparative study of available proxy-based temperature reconstructions of the past 2000 years in China to establish the level-of-confidence in using the data to study regional changes. The findings indicate that the proxies have a high level-of-confidence in NE, CE and SE for the past 500 years, but large uncertainties exist prior to the 16th century.
[17] On the multidecadal to centennial time scale, the warming of last few decades of the 20th century is unprecedented for all five regions during the past 500 years. Before 1500s, several reconstructions show warming peaks, their low confidence levels make it difficult to assess whether the late 20th century temperatures were warmer than the past 2000 years. In particular during the warming period of 900s-1300s, the maximum temperatures in some regions exceeded the highest level of the 20th century. The analysis also revealed that the onset of the warm period in the 20th century started in Tibet, Northeast, and Northwest, and then migrated to Central East and Southeast.
